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Abstract 
This study has been conducted between 2015 and 
2016 at Hazelnut Research Institute in Giresun. The 
objective of this study was to determine the effects of 
the pollinizer cultivars on the nut and kernel 
characteristics. Tombul, Palaz, Çakıldak, Foşa and 
Allahverdi were used as main cultivars while 
Tombul, Palaz, Çakıldak, Foşa, Allahverdi, Sivri, 
Kalınkara and Yassı Badem were used as pollinizer 
cultivars. Self-pollination was considered as a 
control and open-pollination was taken as an 
application. In the study, it was determined that the 
pollinizer cultivars caused changes in some nut and 
kernel characteristics with the xenia and metaxenia 
effects. The effects of pollinizers on nut set and 
number of nut in clusters were quite obvious. Self-
pollination resulted in low nut set and number of nut 
in clusters, indicating it is self-incompatible. Open 
pollination and different cross-pollination 
treatments increased nut set and number of nut in 
clusters. It is estimated that the changes in the 
pomological characteristics may be related to the nut 
set as well as the pollen sources. The kernel 
percentage and good kernel were generally low in 
self-pollination. Open-pollination and cross- 
pollination treatments increased kernel percentage 
and good kernel. It has also been improved that the 
pollinizer cultivars may cause changes in nut shape. 
Palaz pollination treatment caused decrease of nut 
shape index in main cultivars. 
Key words: Corylus avellana, pollinizer, xenia, 
metaxenia, nut characteristics, yield 

Fındıkta kseni ve metakseni: meyve tutumu ve 
meyve özelliklerine etkisi 
 
Öz 
Bu çalışma 2015 ve 2016 yıllarında Fındık Araştırma 
Enstitüsü (Giresun) deneme bahçelerinde 
yürütülmüştür. Çalışmada fındıkta tozlayıcı çeşitlerin 
meyve ve iç özelliklerinde sebep olduğu değişimlerin 
belirlenmesi amaçlanmıştır. Ana çeşit olarak 
Tombul, Palaz, Çakıldak, Foşa ve Allahverdi; tozlayıcı 
çeşit olarak ise bu beş çeşide ilave olarak Sivri, 
Kalınkara ve Yassı Badem kullanılmıştır. Kendileme, 
kontrol olarak kabul edilmiş, serbest tozlanma ise 
uygulama olarak değerlendirmeye alınmıştır. 
Çalışmada, tozlayıcı çeşitlerin kseni ve metakseni 
etkisi ile bazı meyve ve iç özelliklerinde 
değişikliklere sebep olduğu tespit edilmiştir. 
Uygulamaların karanfilin çotanağa dönüşüm oranı 
(meyve tutumu) ile çotanaktaki meyve sayısına 
etkileri oldukça belirgin olmuştur. Kendine 
uyuşmazlığın göstergesi olarak kendilemede 
genellikle meyve tutumu ve çotanaktaki meyve sayısı 
düşük tespit edilmiştir. Açık tozlanma ve karşılıklı 
tozlanma uygulamaları meyve tutumu ve çotanaktaki 
meyve sayısının artmasına neden olmuştur.  
Pomolojik özelliklerde meydana gelen değişimlerin 
çiçek tozu kaynağının yanı sıra meyve yükü ile de 
ilişkili olabileceği değerlendirilmiştir. Kendilemede 
iç oranı ve sağlam iç oranı düşük iken, açık tozlanma 
ve karşılıklı tozlanma uygulamasında genellikle 
yüksek tespit edilmiştir. Ayrıca, tozlayıcı çeşitlerin 
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meyve şeklinde değişikliklere sebep olduğu 
kanıtlanmıştır. Palaz’ın tozlayıcı olduğu 
uygulamalarda meyve şekil indeksi azalmıştır. 
Anahtar kelimeler: Corylus avellana, tozlayıcı, 
kseni, metakseni, meyve özellikleri 
 
Introduction 
Hazelnuts are monoecious, meaning they have 
separate male and female flowers on the same plant, 
but at different places. There are self and reciprocal 
incompatibilities in hazelnuts. Incompatibility in 
hazelnut is sporophytic-type controlled by a single 
locus and S alleles (Thompson, 1979). Male and 
female flowers are ripened and bloomed at different 
times. Blooming time and duration of male and 
female flowers vary with the ecology, cultivars and 
years in the same cultivar (Beyhan, 2000). Flowering 
initiation dates and blooming durations are closely 
related to climate factors, especially to temperature. 
Blooming starts earlier in regions with mild winters. 
Recent high temperatures in autumn and winter 
months led blooming of male flowers (catkins) with 
lower chilling requirements earlier than the female 
flowers and thus dichogamy levels of the cultivars 
increase.  
Pollination and fertilization are obligatory in 
hazelnut for nut formation. Thus, incompatibility and 
dichogamy mechanisms bring selection of pollinizer 
cultivar forward (Balık and Beyhan 2011). 
Several researchers have brought different 
definitions for xenia and metaxenia (Kirkpatrick, 
1987; Morris, 1976; Neufeldt, 1988; Reiger et al., 
1976; Soule, 1985; Westwood, 1989; Winburne, 
1962). However, xenia for the first time defined by 
Focke (1881), as changes occurred in tissues of 
mother through pollen effect. Swingle (1928) 
defined xenia as the changes occurred in embryo and 
endosperm through pollen effect and defined the 
changes occurred in mother tissues as metaxenia. 
Denney (1992) defined xenia as the changes 
occurred in shape, color, ripening time and chemical 
composition of seed and fruit. Such conceptual 
confusions about xenia and metaxenia has clarified 
with the invention of double-fertilization by 
Strasburger (1878) and Navaschin (1898). Both 
researchers defined double-fertilization as 
fertilization of ovary cell in embryonic sac by one of 
male gametes and fertilization of polar nuclei by the 
other male gamete. Following the invention of 
double-fertilization, it was proved that such 

pollination resulted in changes in endosperm 
(mother tissues) through pollen effect. Therefore, 
following the invention of double-fertilization, the 
term “xenia” was defined as the changes occurred in 
embryo, endosperm and all mother tissues through 
pollen effect.  
In this study, effects of different pollination 
treatments on nut set and nut characteristics of 
hazelnut were investigated. 
Material and Methods 
This study was conducted under ecological 
conditions of Giresun province in the years 2015 and 
2016. Experimental plots were constructed in multi-
bushed system (ocak system) established at 3x3 m 
spacing in 1994. Tombul, Palaz, Çakıldak, Foşa and 
Allahverdi were used as main cultivar (Round 
group). These cultivars were controlled-pollinated 
with Sivri (Pointed group), Kalınkara (Round group) 
and Yassı Badem (Long Group) cultivars (İslam, 
2018). Self-pollination and open-pollination were 
practiced. Experiments were conducted in 
randomized blocks design with 3 replications and 
with 3 plants (bushes) in each replicate. Self-
pollination was as the control treatment while open-
pollination was considered as a treatment. 
Experimental site has a soil texture of clay-loam with 
a pH of 4.78 and organic matter content of 4.58 %. 
The site is located at 40° 54’ 31’’ North and 38° 21’ 
09’’ East coordinates and has an altitude of 5 m. 
Annual total precipitation is over 1200 mm and 
annual average temperature is 15 °C. 
Emasculation, Isolation and Pollen Collection  
In plants of main cultivars to be controlled-
hybridized, male flowers (catkins) were removed as 
specified by Erdoğan and Mehlenbacher (1997).   
Plants of main cultivars were surrounded by 4 m 
high and 4 m wide iron constructions and entire 
plant was encapsulated within this framework and 
covered with tyvek. Tyvek, which is a durable 
material, has been used for many years in crossing 
studies in hazelnuts. Because of the flowering period 
in hazelnuts is quite long, it is necessary to use 
isolation materials that are durable, strong, which 
prevent the passage of pollen and which have air 
permeability (Smith and Mehlenbacher, 1994). 
When the catkins of pollinizer cultivars started to be 
elongated, they were carefully cut together with the 
shoot bearing catkins, then they were placed in 
water-filled glass jars and kept at room temperature 
for 24 hours. Each cultivar was kept in different 
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room to prevent undesired pollen transfers. 
Following 24 hours, catkins were shaken over a 
black paper, pollens were sieved through 125 µ sieve 
and transferred to preservation cups. Pollens were 
preserved in a deep freezer at -18 °C until the use. 
Controlled pollinations  
When the female flowers of main cultivars become 
receptive, pollens preserved in deep freezer were 
used to perform crossings. Stigmatic styles can 
accept pollens as soon as they went out of florets, but 
it was waited until these styles got a shiny red color 
for an effective pollination. The pollens stored in 
preservation cups in a deep freezer were transferred 
to eppendorph tubes at the day of pollination. Lid of 
eppendorph tube was opened, the tube turned 
upside down and flower pollens were taken over the 
index finger. Then artificial pollination was 
performed through touching to styles of the florets 
with the index finger. One week after hydridizations, 
browning was observed in floret styles.  
Nut set  
To determine the effects of pollinator types on nut 
set,   3 plants (bushes) orienting different directions 
were selected from 3 different multibush system 
(ocak) for each crossing combination and number of 
female flowers over which crossings were 
performed was recorded.  
Nut characteristics  
When the main cultivars reached to harvest 
maturity, nuts were harvested from each 
combination and they were placed into labeled 
sacks. Harvest criteria were considered as; husks 
turned into yellow, reddish and brown color, reddish 
color of ¾ of nut hard shell. From each material 
combination, 100 husks were randomly selected, 
and number of nuts per cluster was determined, 
then nuts were removed from the husk and dried 
over concrete floor under the sun. 
Nut and kernel weight were determined with a 
precise scale (± 0.01 g); shell thickness, kernel cavity 
and nut size were determined with a caliper (± 0.01 
mm). Kernel percentage and good kernel were 
calculated over 100 nuts and expressed in %. Nut 
shape index was calculated with the aid of average 
nut length, width and thickness. 
Statistical analyses 
Experimental data were subjected to statistical 
analyses with the aid of SAS Version 9.1 software. 
Percent values (%) were subjected to angle (arcsine) 

transformation and then subjected to statistical 
analyses. Significant means were compared with the 
aid of Duncan’s multiple range test at 5 % level 
(P<0.05). Data were subjected to analysis of variance 
separately for each year.  
In 2015, no data was obtained in Palaz x Kalınkara 
crossings. 
Results and Discussion  
Nut set  
In 2015, effects of pollination treatments on nut set 
were significant in all cultivars except for Allahverdi. 
In 2016, effects of treatments on nut set of all 
cultivars were found to be significant (P<0.05). In 
the first year of the experiments (2015), the lowest 
nut set values were observed in self-pollination 
treatments of Palaz and Çakıldak cultivars. In 2016, 
besides Palaz and Çakıldak cultivars, the lowest nut 
set values were also observed in self-pollination 
treatments of Tombul and Allahverdi cultivars. 
Therefore, it can be stated that cross pollinations 
increased nut sets in both years (Table 1-10). Fatahi 
et al. (2014) indicated that cross pollinations 
significantly increased nut set of hazelnut cultivars. 
De Nettancourt (1977) indicated that low nut set of 
self-pollination treatments was the indicator of self-
incompatibility. Çakır and Genç (1979) reported nut 
set as 27.5 % for self-pollination of Tombul cultivar, 
52 % for Tombul x Palaz pollination treatment, 51 % 
for Palaz x Yabani Sivri pollination treatment, 46 % 
for Çakıldak x Tombul pollination combination and 
indicated that cross pollinations increased nut set of 
hazelnuts. On the other hand Xie and Liu (2014) 
pointed out that fertile efficiency increased when the 
pollen vigor was high. Erdoğan and Mehlenbacher 
(2001) indicated that low nut set of self-pollination 
treatments in hazelnut mostly resulted from self-
incompatibility and defined the indicators of 
incompatibility as low germination ratios of pollen in 
stigma, short and curly nature of pollen tube. Despite 
the incompatibility in several combinations, low nut 
sets in field experiments were attributed to pollen 
germination and development of pollen tube, as well 
as failures in pollen germination and intrusion of 
pollen tube into style, damage of pollen tube in style 
with the impact of pollination, embryo abortion, 
endosperm defects and hybrid deterioration as 
indicated by Lield and Anderson (1993). Olsen et al. 
(2000) indicated that there was self and cross 
incompatibility in hazelnut and such 
incompatibilities were sporophytic type controlled 
by a single locus and S alleles. Beyhan and Marangoz 
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(2007) indicated the reasons of cluster drops outs as 
genetic structure, periodicity, pollen source, 
incompatibility, cultural practices and 
environmental conditions.  
Number of nuts per cluster  
Effects of treatments on number of nuts per cluster 
were significant. In 2015, the lowest number of nuts 
per cluster was observed in self-pollination 
treatments of Tombul, Palaz, Çakıldak and Allahverdi 
cultivars. In 2016, the lowest number of nuts per 
cluster was also observed in self-pollination 
treatments of Tombul, Palaz, Foşa and Allahverdi 
cultivars (Table 1-10). Therefore, it is possible to 
state that cross pollinations may improve the 
number of nuts per cluster and thus increase yields 
to some extent. The low level of number of nuts per 
cluster in self-pollination is considered as an 
indicator of self-incompatibility. In some Turkish 
hazelnut cultivars, number of nuts per cluster varies 
between 1.1 and 4.8. Number of nuts per cluster was 
3.8 for Tombul, 3.2 for Palaz, 1.7 for Çakıldak, 2.2 for 
Foşa and 3.2 for Allahverdi cultivars (Köksal, 2002; 
Okay et al., 1999). 
İslam et al. (2005) indicated decreasing nut size, 
shell thickness and space between shell and kernel 
with increasing number of nuts per cluster in 
hazelnut. Balık et al. (2014) indicated number of 
nuts per cluster as a cultivar characteristic and 
stated that values may vary from year to year; lower 
number of nuts per cluster reduced the yield and 
greater number of nuts per cluster resulted in 
deformity in nut shape, decreased nut and kernel 
sizes. Heredity of number of nuts per cluster was 
reported as 0.67 by Yao and Mehlenbacher (2000).  
Nut weight 
In 2015, effects of treatments on nut weight were 
significant in all of the main cultivars (P<0.05). The 
lowest nut weight values were observed in open-
pollination treatments of Tombul, Palaz, Çakıldak 
and Allahverdi cultivars. In 2016, effects of 
treatments on nut weight were found to be 
significant in all cultivars, except for Tombul. Effects 
of treatments on nut weight of Tombul were not 
found to be significant (Table 1-10). 
In 2015, open-pollination treatments had lower nut 
weight in Tombul, Palaz, Çakıldak, Foşa and 
Allahverdi cultivars. Except for Tombul cultivar, 
Palaz-pollination treatments yielded the greatest nut 
weight in the other cultivars. In 2016, Tombul-
pollination treatments yielded the lowest nut weight 

in Palaz, Foşa and Allahverdi cultivars. In the second 
year of the experiments, Allahverdi, Sivri and 
Kalınkara-pollination treatments generally yielded 
greater nut weight. Open-pollination treatments 
generally yielded lower yielded values.  
Kernel weight 
In 2015, effects of treatments on kernel weight were 
significant (P<0.05). In 2015, Palaz-pollination 
treatments yielded high kernel weight and open-
pollination treatments yielded low kernel weight. 
In 2016, effects of treatments on kernel weight were 
significant in all cultivars, except for Tombul 
(P<0.05). As it was in nut weight of 2015, open-
pollination treatments yielded lower kernel weight 
than the other pollination treatments. A similar case 
was also observed in the second year of the 
experiments. Palaz and Kalınkara-pollination 
treatments in 2015 and Sivri and Kalınkara-
pollination treatments in 2016 yielded greater 
kernel weight in all cultivars (Table 1-10). Vezvaei 
and Jackson (1995) conducted a study on almonds 
and reported that pollinator cultivars increased nut 
weight, but did not have significant effects on kernel 
weight. On the other hand, Legave et al. (1997) and 
Dicenta et al.  (2002) indicated that cross 
pollinations did not have significant effects on nut 
weight, kernel weight, kernel percentage, double 
kernel, blank nut and cracked nut of almonds. 
Anagnostakis and Devin (1998) reported that large 
nuts were obtained from small-nut chestnut 
cultivars of Sleeping Giant, Eaton, Little Giant, Amer 
1 and Amer 2 through pollinations with large-nut 
Lockwood cultivars; smaller nuts were obtained 
from small-nut Little Giant cultivar through 
pollinations with large-nut Sleeping Giant, Eaton, 
Lockwood, Amer 1 and Amer 2 cultivars. Therefore, 
researchers indicated that nut weight in chestnut did 
not varied with the pollen source and nut weight was 
a characteristic of main cultivar. 
Shell thickness  
Effects of treatments on shell thickness were 
significant in both years (P<0.05). In 2015, shell 
thickness was generally low in open-pollination 
treatments and high in self-pollination treatments. 
In 2015, low shell thickness of open-pollination 
treatments was quite remarkable. The greatest shell 
thickness values were observed in self-pollination 
treatments of Tombul and Çakıldak cultivars. 
Kalınkara-pollination treatments increased shell 
thickness in all cultivars. In Çakıldak, Foşa and 
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Allahverdi cultivars, pollinations with Tombul and 
Palaz yielded greater shell thickness. In 2016, 
Tombul, Palaz, Çakıldak and Allahverdi cultivars had 
greater shell thickness values in self-pollination 
treatments (Table 1-10). Balık et al. (2016) reported 
shell thickness as 0.90 mm for Tombul, 0.95 mm for 
Palaz, 0.84 mm for Çakıldak, 0.84 mm for Foşa and 
0.89 mm for Allahverdi cultivars. Ak (2001) 
indicated that nut weight, nut width and shell 
thickness of pistachio generally varied with the 
pollinators. Owais (2014) indicated that pollen 
source resulted in slight changes in shell, nut and 
kernel characteristics of almonds. Golzari et al. 
(2016) reported significant effects of pollinator 
types on kernel diameter, kernel weight, shell 
thickness, oil and protein ratio of walnuts. 
Kernel cavity  
In 2015, effects of treatments on kernel cavity were 
significant (P<0.05). Contrary to 2015, effects of 
treatments on kernel cavity were not significant in 
Çakıldak and Allahverdi cultivars in 2016. The kernel 
cavity was generally larger in cultivars with circular 
type of nuts. Kernel cavity increased or decreased 
based on kernel size. In both years of the 
experiments, Palaz and Foşa cultivars had greater 
kernel cavity than the other cultivars. Pollination 
treatments with larger nut sizes also yielded greater 
kernel cavities (Table 1-10). Balık et al. (2014) 
indicated that small kernels had either small or any 
kernel cavities. Researchers also indicated that 
blanching or browning of kernel cavity varied with 
the years, browning increased in time with storage 
conditions and bitterness initiated in such kernel 
cavities after a certain time period. Romero et al. 
(2003) reported greater browning in kernel cavities 
in warming years. Balık et al. (2016) reported kernel 
cavity as 1.51 mm for Tombul, 3.25 mm for Palaz, 
2.02 mm for Çakıldak, 2.26 mm for Foşa and 2.23 
mm for Allahverdi cultivars.  
Kernel percentage 
Effects of treatments on kernel percentages were 
significant in both years (P<0.05). Kernel 
percentages were generally lower in combinations 
with thicker shells and greater kernel cavities and 
vice versa. It is remarkable that self-pollination 
treatments had generally low kernel percentages in 
2016. In 2015, the lowest kernel percentages were 

observed in self-pollination treatments of Tombul 
and Palaz cultivars. In 2016, besides Tombul and 
Palaz, the lowest kernel percentages in Allahverdi 
cultivar were also observed in self-pollination 
treatments. In both years of the experiments, open-
pollination treatments with lower shell thickness 
yielded greater kernel percentages. Besides, the 
treatments with low kernel cavity, nut and kernel 
weight generally had high kernel percentages (Table 
1-10). There are some earlier studies indicating 
insignificant effects of pollinator types on kernel 
percentages of pistachios (Ak, 2001), almonds 
(Legave et al., 1997; Dicenta et al., 2002) and 
chestnuts (Xuhui et al., 2016). Balık et al. (2016) 
reported kernel percentages as 54.4 % for Tombul, 
51.4 % for Palaz, 55.8 % for Çakıldak, 50.2 % for 
Foşa and 49.3 % for Allahverdi cultivars.   
Good kernel  
In both years of the experiments (2015 and 2016), 
effects of treatments on good kernels were 
significant (P<0.05). Again, in both years of the 
experiments, self-pollination treatments generally 
yielded lower good kernels. The treatments with 
greater kernel percentages generally had greater 
good kernels (Table 1-10). 
Nut shape index  
Effects of treatments on nut shape index were 
significant in both years (P<0.05). In 2016, the 
lowest nut shape index values were observed in self-
pollination treatments of Tombul, Palaz and 
Allahverdi cultivars and the greatest values were 
observed in self-polllination treatments of Çakıldak 
and Foşa cultivars. The variations of nut shape index 
of Palaz and Foşa cultivars with oblate nut shape 
were more limited as compared to the other 
cultivars. In Tombul, Çakıldak and Allahverdi 
cultivars, nut shape index of some combinations 
ranged from spherical-conical to oval shape. 
Variations in kernel shape index values were also 
similar with the variations in nut shape index values 
(Table 1-10). Çetiner et al. (1984) indicated that 
pointy nut shape of Sivri and İncekara cultivars with 
the greatest transformation ratio of florets into husk 
distorted homogeneity and product quality in 
hazelnut orchards. Owais (2014) indicated that 
pollinator types resulted in significant changes in 
shell shape of almonds. 
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Table 1. Nut set, number of nuts per cluster and nut characteristics of Tombul hazelnut in response to 
different pollinizer cultivars in 2015. 

Pollinizer 
cultivars 

Nut set 
(%) 

Number of 
nuts 

per cluster 

Nut weight 
(g) 

Kernel 
weight 

(g) 

Shell 
thickness 

(mm) 

Kernel 
cavity 
(mm) 

Kernel 
percentage 

(%) 

Good 
kernel 

(%) 

Nut 
shape 
index 

Tombul 62.33 ab 2.53 e 2.32 ab 1.21 ab 1.16 a 2.91 b 52.31 b 86.00 b 1.14 bc 
Palaz 46.48 cd 2.88 d 2.16 bcd 1.15 ab 1.01 cd 3.15 ab 52.92 b 84.00 b 1.07 d 

Çakıldak 55.81 bc 3.98 b 2.10 cd 1.11 b 1.10 abc 2.77 b 52.43 b 93.66 a 1.24 a 
Foşa 70.14 a 4.03 b 2.12 cd 1.12 ab 1.05 bcd 2.98 ab 52.82 b 92.00 a 1.16 b 

Allahverdi 49.94 cd 4.28 a 2.24 abc 1.21 ab 1.11 ab 3.37 ab 54.09 ab 93.00 a 1.13 bc 
Sivri 45.68 d 2.68 e 2.14 cd 1.14 ab 1.03 bcd 3.37 ab 53.16 ab 93.10 a 1.09 cd 

Kalınkara 51.58 cd 3.37 c 2.35 a 1.24 a 1.11 ab 3.41 ab 52.85 b 93.00 a 1.08 cd 
Yassı Badem 70.45 a 3.05 d 2.38 a 1.23 a 1.11 ab 3.72 a 52.57 b 85.00 b 1.10 cd 

Open pollination 63.62 ab 4.11 ab 2.06 d 1.14 ab 0.99 d 3.47 ab 55.30 a 92.00 a 1.13 bc 
The differences among the treatments indicated with the same letter vertically were not significant at P<0.05. 

Table 2. Nut set, number of nuts per cluster and nut characteristics of Tombul hazelnut in response to 
different pollinizer cultivars in 2016. 

Pollinizer 
cultivars 

Nut set 
(%) 

Number of 
nuts 

per cluster 

Nut 
weight 

(g) 

Kernel 
weight 

(g) 

Shell 
thickness 

(mm) 

Kernel 
cavity 
(mm) 

Kernel 
percentage 

(%) 

Good 
kernel 

(%) 

Nut 
shape 
index 

Tombul 35.60 d 1.92 e 2.00 1.04 1.03 a 1.52 b 52.24 c 77.50 d 1.10 b 
Palaz 65.28 bc 3.07 c 1.93 1.06 1.00 ab 1.82 ab 55.46 ab 85.67 cd 1.18 a 

Çakıldak 80.60 a 3.24 bc 1.94 1.06 0.97 b 1.61 ab 53.92 bc 85.30 cd 1.19 a 
Foşa 39.27 d 2.75 d 1.89 1.05 0.97 ab 2.10 a 54.17 bc 89.00 bc 1.13 ab 

Allahverdi 75.66 ab 3.44 a 2.00 1.10 0.97 ab 1.73 ab 54.92 ab 96.00 ab 1.13 ab 
Sivri 55.35 c 2.72 d 2.02 1.13 0.97 ab 1.76 ab 55.59 ab 93.47 abc 1.12 ab 

Kalınkara 60.52 c 3.22 bc 1.96 1.11 0.96 b 2.05 ab 56.75 a 91.23 abc 1.16 ab 
Yassı Badem 56.79 c 2.69 d 2.01 1.11 0.99 ab 1.83 ab 55.13 ab 95.77 a 1.13 ab 

Open pollination 75.4 ab 3.28 ab 1.90 1.04 0.95 b 1.59 ab 54.78 ab 90.00 bc 1.18 a 
The differences among the treatments indicated with the same letter vertically were not significant at P<0.05. 

Table 3. Nut set, number of nuts per cluster and nut characteristics of Palaz hazelnut in response to different 
pollinizer cultivars in 2015. 

Pollinizer 
cultivars 

Nut set 
(%) 

Number of 
nuts 

per cluster 

Nut weight 
(g) 

Kernel 
weight 

(g) 

Shell 
thickness 

(mm) 

Kernel 
cavity 
(mm) 

Kernel 
percentage 

(%) 

Good 
kernel 

(%) 

Nut 
shape 
index 

Tombul 57.47 a 3.01 c 2.02 c 1.09 c 0.99 ef 4.39 b 51.36 abc 70.00 b 0.96 a 
Palaz 7.49 b 1.28 d 2.27 ab 1.33 a 1.14 b 5.41 a 50.06 c 70.00 b 0.91 c 

Çakıldak 46.37 a 2.94 c 2.48 a 1.29 ab 1.05 cd 4.73 ab 52.48 ab 81.67 a 0.92 c 
Foşa 61.64 a 3.32 a 2.28 ab 1.17 abc 1.05 cd 4.81 ab 52.05 ab 77.00 a 0.96 a 

Allahverdi 58.40 a 3.04 c 2.25 ab 1.14 bc 1.09 c 4.70 ab 51.16 bc 78.00 a 0.95 ab 
Sivri 21.96 b 1.24 d 2.29 ab 1.25 abc 1.20 a 4.74 ab 50.78 bc 45.80 c 0.97 a 

Kalınkara - - - - - - - - - 
Yassı Badem 70.45 a 3.20 b 2.24 b 1.21 abc 1.03 de 4.43 b 52.47 ab 82.00 a 0.95 ab 

Open pollination 72.62 a 3.36 a 2.01 c 1.10 c 0.95 f 4.30 b 53.18 a 79.00 a 0.93 bc 
The differences among the treatments indicated with the same letter vertically were not significant at P<0.05. 

Table 4. Nut set, number of nuts per cluster and nut characteristics of Palaz hazelnut in response to different 
pollinizer cultivars in 2016. 

Pollinizer 
cultivars 

Nut set 
(%) 

Number of 
nuts 

per cluster 

Nut weight 
(g) 

Kernel 
weight 

(g) 

Shell 
thicknes

s 
(mm) 

Kernel 
cavity 
(mm) 

Kernel 
percenta

ge 
(%) 

Good 
kernel 

(%) 

Nut 
shape 
index 

Tombul 50.56 ab 2.56 d 1.83 e 1.01 c 0.95 d 2.89 bc 54.79 a 73.00 c 0.96 a 
Palaz 8.47 c 1.38 f 1.87 de 1.12 bc 1.07 ab 2.53 c 51.00 bc 45.57 d 0.89 c 

Çakıldak 60.52 a 2.72 c 2.02 cde 1.11 bc 0.99 cd 3.76 a 49.62 c 54.10 d 0.91 bc 
Foşa 56.01 ab 3.16 b 2.17 bcd 1.18 abc 1.02 abc 2.91 bc 52.34 ab 77.00 bc 0.95 ab 

Allahverdi 42.20 b 2.45 d 2.44 ab 1.33 a 1.08 a 3.19 abc 52.38 ab 79.00 bc 0.93 abc 
Sivri 39.60 b 2.18 e 2.12 cde 1.19 ab 1.00 bcd 2.75 bc 53.09 ab 82.10 b 0.90 c 

Kalınkara 49.46 ab 2.72 c 2.26 abc 1.27 ab 1.03 abc 3.05 abc 54.06 a 83.33 b 0.93 abc 
Yassı Badem 43.45 b 2.12 e 2.52 a 1.35 a 1.03 abc 3.46 ab 53.65 ab 91.00 a 0.91 c 

Open pollination 62.57 a 3.47 a 2.19 bc 1.18 abc 1.06 ab 3.04 abc 53.95 a 92.00 a 0.95 ab 
The differences among the treatments indicated with the same letter vertically were not significant at P<0.05. 
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Table 5. Nut set, number of nuts per cluster and nut characteristics of Çakıldak hazelnut in response to 
different pollinizer cultivars in 2015. 

Pollinizer 
cultivars 

Nut set 
(%) 

Number of 
nuts 

per cluster 

Nut 
weight 

(g) 

Kernel 
weight 

(g) 

Shell 
thickness 

(mm) 

Kernel 
cavity 
(mm) 

Kernel 
percentage 

(%) 

Good 
kernel 

(%) 

Nut 
shape 
index 

Tombul 69.15 ab 2.74 ab 2.30 b 1.29 b 1.00 abc 2.53 c 55.80 a 96.00 a 1.25 ab 
Palaz 74.52 a 2.06 d 2.51 a 1.39 a 1.02 abc 3.24 ab 55.27 a 89.00 c 1.17 cd 

Çakıldak 27.10 c 1.26 e 2.33 ab 1.30 b 1.08 a 2.66 c 54.52 ab 95.00 a 1.21 bc 
Foşa 63.61 ab 2.93 a 2.31 ab 1.32 ab 1.04 ab 3.47 a 54.86 ab 87.00 c 1.19 bcd 

Allahverdi 68.54 ab 2.55 bc 2.15 bc 1.23 b 0.94 c 2.47 cd 55.09 ab 77.00 d 1.18 cd 
Sivri 63.86 ab 2.87 a 2.28 b 1.29 b 1.03 ab 2.83 bc 54.82 ab 92.33 b 1.19 bcd 

Kalınkara 71.73 ab 2.52 c 1.97 c 1.24 b 1.00 abc 2.61 c 55.57 a 68.67 e 1.14 d 
Yassı Badem 81.69 a 2.05 d 2.26 b 1.24 b 0.97 bc 2.59 c 54.35 ab 86.33 c 1.29 a 

Open pollination 36.90 bc 2.54 bc 1.76 d 0.94 c 0.95 c 1.96 d 53.32 b 67.00 e 1.30 a 
The differences among the treatments indicated with the same letter vertically were not significant at P<0.05. 

Table 6. Nut set, number of nuts per cluster and nut characteristics of Çakıldak hazelnut in response to 
different pollinizer cultivars in 2016. 

Pollinizer 
cultivars 

Nut set 
(%) 

Number of 
nuts 

per cluster 

Nut 
weight 

(g) 

Kernel 
weight 

(g) 

Shell 
thickness 

(mm) 

Kernel 
cavity 
(mm) 

Kernel 
percentage 

(%) 

Good 
kernel 

(%) 

Nut 
shape 
index 

Tombul 67.32 bc 2.92 a 2.06 b 1.15 abc 0.95 ab 2.35 55.33 ab 89.50 ab 1.09 b 
Palaz 86.82 a 2.38 c 2.07 b 1.19 ab 0.85 b 2.87 57.71 a 94.00 a 1.09 b 

Çakıldak 32.53 e 2.43 c 2.02 b 1.10 bc 0.95 ab 2.89 53.62 b 77.50 cd 1.19 a 
Foşa 63.85 bc 2.93 a 2.34 a 1.28 a 1.00 a 3.10 54.73 b 84.00 bcd 1.12 b 

Allahverdi 45.75 d 2.61 b 2.11 b 1.20 ab 0.94 ab 2.99 56.18 ab 80.00 cd 1.12 b 
Sivri 62.65 c 1.90 e 2.11 b 1.23 ab 0.89 ab 2.49 57.74 a 67.33 ef 1.12 b 

Kalınkara 57.09 cd 2.16 d 2.08 b 1.14 abc 0.93 ab 2.28 55.32 ab 60.00 f 1.12 b 
Yassı Badem 76.73 b 2.97 a 2.11 b 1.18 abc 0.98 a 3.11 54.98 b 75.50 de 1.13 b 

Open pollination 53.48 cd 2.87 a 1.93 b 1.04 c 0.97 a 2.67 53.89 b 85.00 bc 1.10 b 
The differences among the treatments indicated with the same letter vertically were not significant at P<0.05. 

Table 7. Nut set, number of nuts per cluster and nut characteristics of Foşa hazelnut in response to different 
pollinizer cultivars in 2015. 

Pollinizer 
cultivars 

Nut set 
(%) 

Number of 
nuts 

per cluster 

Nut weight 
(g) 

Kernel 
weight 

(g) 

Shell 
thickness 

(mm) 

Kernel 
cavity 
(mm) 

Kernel 
percenta

ge 
(%) 

Good 
kernel 

(%) 

Nut 
shape 
index 

Tombul 24.39 b 2.90 d 2.97 a 1.46 a 1.23 a 3.82 de 48.60 d 89.00 b 1.05 b 
Palaz 8.29 b 1.62 e 2.93 a 1.40 a 1.28 a 4.25 bcd 48.82 d 85.43 bc 1.03 bc 

Çakıldak 65.79 a 3.15 c 1.99 e 1.28 b 0.76 d 4.31 bcd 60.06 a 82.67 c 0.98 de 
Foşa 66.17 a 3.22 c 2.16 de 1.28 b 0.83 d 5.11 a 58.50 ab 88.67 b 1.00 bcd 

Allahverdi 11.27 b 3.22 c 2.57 b 1.45 a 0.96 c 4.56 abc 56.37 b 90.00 b 1.00 bcd 
Sivri 64.22 a 3.87 b 2.42 bc 1.27 b 1.07 b 3.55 e 50.98 cd 90.00 b 1.10 a 

Kalınkara 20.58 b 1.39 f 2.97 a 1.44 a 1.21 a 3.97 cde 48.70 d 97.20 a 1.03 bc 
Yassı Badem 19.71 b 3.00 d 2.42 bc 1.47 a 0.85 d 4.83 ab 59.52 ab 70.00 d 0.95 e 

Open pollination 80.42 a 4.31 a 2.32 cd 1.21 b 1.04 bc 3.89 cde 52.44 c 73.33 d 1.04 bc 
The differences among the treatments indicated with the same letter vertically were not significant at P<0.05. 

Table 8. Nut set, number of nuts per cluster and nut characteristics of Foşa hazelnut in response to different 
pollinizer cultivars in 2016. 

Pollinizer 
cultivars 

Nut set 
(%) 

Number of 
nuts 

per cluster 

Nut 
weight 

(g) 

Kernel 
weight 

(g) 

Shell 
thickness 

(mm) 

Kernel 
cavity 
(mm) 

Kernel 
percentage 

(%) 

Good 
kernel 

(%) 

Nut 
shape 
index 

Tombul 55.54 b 3.20 ab 1.84 d 1.22 de 0.90 c 3.36 ab 59.86 a 69.00 e 1.00 cd 
Palaz 26.27 e 2.48 c 2.89 a 1.44 bc 1.25 a 3.31 ab 49.23 e 85.65 cd 1.05 abc 

Çakıldak 51.11 b 2.63 c 2.18 c 1.32 cd 0.84 c 3.25 ab 60.59 a 79.00 de 0.97 d 
Foşa 41.67 bcd 2.61 c 2.32 c 1.31 cde 1.04 b 2.37 abc 55.37 bc 90.00 bc 1.10 a 

Allahverdi 56.60 b 3.08 b 2.40 bc 1.27 de 1.05 b 2.30 bc 52.69 bcde 87.00 cd 1.06 abc 
Sivri 30.04 de 1.67 d 3.07 a 1.60 a 1.30 a 3.41 a 51.23 de 96.25 ab 1.03 bcd 

Kalınkara 34.92 cde 2.45 c 2.60 b 1.49 ab 1.10 b 3.24 ab 56.07 b 88.33 cd 1.02 bcd 
Yassı Badem 48.59 bc 2.53 c 2.46 bc 1.34 bcd 1.09 b 2.74 abc 54.91 bcd 98.50 a 1.05 abc 

Open pollination 76.41 a 3.44 a 2.20 c 1.16 e 1.07 b 1.97 c 52.19 cde 91.50 bc 1.09 ab 
The differences among the treatments indicated with the same letter vertically were not significant at P<0.05. 
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Table 9. Nut set, number of nuts per cluster and nut characteristics of Allahverdi hazelnut in response to 
different pollinizer cultivars in 2015. 

Pollinizer 
cultivars 

Nut set 
(%) 

Number of 
nuts 

per cluster 

Nut 
weight 

(g) 

Kernel 
weight 

(g) 

Shell 
thickness 

(mm) 

Kernel 
cavity 
(mm) 

Kernel 
percentage 

(%) 

Good 
kernel 

(%) 

Nut 
shape 
index 

Tombul 79.02 3.72 d 2.31 ab 1.10 abc 1.19 a 2.94 abc 47.07 bc 95.00 bc 1.21 ab 
Palaz 63.82 3.37 e 2.40 a 1.16 a 1.19 a 2.99 ab 48.51 ab 89.00 d 1.18 bc 

Çakıldak 64.97 3.45 e 2.18 bc 1.01 cde 1.13 ab 2.57 bcd 46.89 c 90.00 d 1.15 c 
Foşa 67.52 4.13 c 1.97 d 0.95 e 1.10 b 2.17 d 48.23 abc 99.00 a 1.20 ab 

Allahverdi 64.26 2.92 g 2.10 cd 1.03 bcde 1.10 b 2.49 cd 49.62 a 93.00 c 1.20 ab 
Sivri 66.76 5.22 a 2.09 cd 0.99 de 1.08 b 2.45 d 47.28 bc 88.00 d 1.25 a 

Kalınkara 63.63 3.15 f 2.34 ab 1.12 ab 1.13 ab 3.16 a 47.98 bc 97.00 b 1.21 ab 
Yassı Badem 69.83 3.62 d 2.22 bc 1.05 bcd 1.11 ab 2.47 d 48.16 abc 97.00 b 1.24 a 

Open pollination 83.03 4.91 b 1.98 d 0.95 e 1.10 b 2.40 d 48.60 ab 73.00 e 1.20 ab 
The differences among the treatments indicated with the same letter vertically were not significant at P<0.05. 

Table 10. Nut set, number of nuts per cluster and nut characteristics of Allahverdi hazelnut in response to 
different pollinizer cultivars in 2016. 

Pollinizer 
cultivars 

Nut set 
(%) 

Number of 
nuts 

per cluster 

Nut 
weight 

(g) 

Kernel 
weight 

(g) 

Shell 
thickness 

(mm) 

Kernel 
cavity 
(mm) 

Kernel 
percentage 

(%) 

Good 
kernel 

(%) 

Nut 
shape 
index 

Tombul 55.10 b 3.42 c 1.65 d 0.76 d 1.05 b 1.43 46.53 b 84.00 b 1.25 a 
Palaz 67.02 ab 2.95 e 2.29 a 1.10 a 1.14 ab 1.58 48.31 ab 91.67 ab 1.16 b 

Çakıldak 64.35 ab 3.37 c 2.18 ab 1.05 ab 1.19 a 1.41 48.12 ab 91.67 ab 1.21 ab 
Foşa 74.88 a 3.67 b 1.94 bc 0.96 bc 1.04 b 1.98 50.23 a 93.35 a 1.22 ab 

Allahverdi 22.48 c 1.80 f 2.25 a 0.98 b 1.12 ab 2.12 44.15 c 90.00 ab 1.06 c 
Sivri 69.20 ab 3.15 d 2.10 ab 1.01 ab 1.10 ab 1.77 48.11 ab 91.50 ab 1.16 b 

Kalınkara 56.98 b 3.44 c 2.09 ab 1.01 ab 1.10 ab 1.91 48.61 ab 93.67 a 1.16 b 
Yassı Badem 66.27 ab 3.49 bc 1.84 cd 0.86 c 1.03 b 1.74 46.89 b 88.50 ab 1.20 ab 

Open pollination 76.97 a 4.36 a 1.96 bc 1.00 ab 1.12 ab 1.89 49.92 a 94.00 a 1.22 ab 
The differences among the treatments indicated with the same letter vertically were not significant at P<0.05. 

 
Conclusion 
It was concluded based on present results that 
pollinizer cultivars generated significant variations 
in nut and kernel characteristics of hazelnuts 
through xenia and metaxenia effect. Effects of 
treatments on important yield components of 
hazelnuts (nut set and number of nuts per cluster) 
were quite remarkable. The variations in 
pomological characteristics might have been related 
also to nut load as well as pollen source. Present 
findings revealed that pollinator cultivars resulted in 
changes in nut shape. So, it will be appropriate to use 
pollinizer cultivars that match the main cultivars 
with flowering time, do not show any incompatibility 
and belong to the round nut group in hazelnut 
orchards. 
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